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r ad iog raph ic  t echn ique .  I n d e e d  t he  a m o u n t  of rad ioac t i -  
v i t y  we should  f ind  in t he  c o n t a m i n a t i n g  bac t e r i a  shou ld  
r e p r e s e n t  a t  leas t  one to  severa l  pe r cen t  of t he  t o t a l  radio-  
a c t i v i t y  p r e s e n t  in  t he  t issues.  I n  fac t  i t  shou ld  a m o u n t  
to  even  more  since over  90% of aH R N A  e x t r a c t e d  f rom 
b a c t e r i a  cu l tu red  in R inge r ' s  so lu t ion  a n d  label led  for 3 h 
is r ibosomia l  3H RNA.  Now t he  r a t e  of h y b r i d i z a t i o n  of ri- 
bosomia l  bac t e r i a l  R N A  w i t h  bac te r i a l  D N A  is a lways  
v e r y  low. Th i s  means ,  to  a ccoun t  for our  resul ts ,  t h e  
a m o u n t  of label led  c o n t a m i n a t i n g  b a c t e r i a  shou ld  be  in 
such  q u a n t i t y  t h a t  t h e y  could no t  be  missed.  I t  shou ld  be  
s t ressed  t h a t  w h e n  frog auricles  are  b a t h e d  in a suspens ion  
of labe l led  b a c t e r i a  7 a n d  no t  t r e a t e d  w i t h  an t ib io t i c s  these  
b a c t e r i a  Call be  easi ly de t ec t ed  b y  a u t o r a d i o g r a p h y  even  
if t h e y  are in  such  smal l  q u a n t i t i e s  as, for ins tance ,  5 bac-  
t e r i a  p e r  aur ic le  sect ion.  Moreover  s imi la r  resu l t s  are ob- 
t a i n e d  w h e n  t h e  labe l l ing  t akes  place  in v ivo  or in  v i t ro  
a f t e r  a n  an t ib io t i c  t r e a t m e n t .  There fore  t he  3H R N A  ex- 
t r a c t e d  f rom the  aur ic les  of t he  in fec ted  an i m a l s  has  ne- 
cessar i ly  been  syn thes i zed  b y  a n i m a l  cells. 

Our  resu l t s  show t h a t  t he  p h e n o m e n o n  we h a d  pre-  
v ious ly  obse rved  w h e n  sepa ra t e  o rgans  were d ipped  in a 
suspens ion  of bac te r ia ,  c an  also occur  w h e n  a n  a n i m a l  suf- 
fers a genera l  bac t e r i a l  infect ion.  

The  impl i ca t ions  are diff icul t  to  eva lua te .  I t  is, how- 
ever,  t e m p t i n g  to  pos tu l a t e  t h a t  th i s  p e n o m e n o n  m i g h t  be  
l inked  to  some immuno log i ca l  r eac t ions  as we k n o w  m a n y  

d i f fe rent  k inds  of c o m p o u n d s  can  be  ant igenic .  I t  would  
also be  w o r t h  i n v e s t i g a t i n g  w h e t h e r  th i s  m e c h a n i s m  m i g h t  
no t  p l ay  some p a r t  in caus ing  t he  pa tho log ica l  effects on  
t he  h e a r t  seen a f t e r  such  infec t ions  as scar le t  fever  a n d  
r h e u m a t i c  fever.  

Rdsumd. Des organes  de p l an t e s  ou d ' a n i m a u x  mis  dans  
une  suspens ion  bac t6 r i enne  s y n t h 6 t i s e n t  du  R N A  bac t6-  
rien. Ce p h 6 n o m + n e  que  nous  a v o n s  appel6 <~transcession>~ 
est dfi au  t r a n s f e r t  de D N A  s p o n t a l i 6 m e n t  c6d6 pa r  les 
bact6r ies  v i v a n t e s  a u x  cellules des o rgan i smes  sup6rieurs .  
Darts le p r6sen t  t rava i l ,  il est  d6mon t r6  que  le m~me ph6-  
nom~ne  p e u t  avo i r  lieu n a t u r e l l e m e n t  l o r s q u ' u n e  grenoui l le  
est  su j e t t e  A une  in fec t ion  bac t6r ienne .  
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Z o n e  E l e c t r o p h o r e t i c  S t u d i e s  on  Lacta te  D e h y d r o g e n a s e  I s o e n z y m e s  in S o u t h  A m e r i c a n  Cich l ids  
( T e l e o s t e i ,  P e r c o m o r p h i )  

C o m p a r a t i v e  b iochemica l  d a t a  h a v e  of ten  been  sug- 
ges ted  as sources  of t a x o n o m i c  i n fo rma t ion .  E lec t rophore -  
t ic  s tud ies  on  a n i m a l  p ro t e in s  are inc reas ing ly  used in con- 
f i rming  a n d  s u p p l e m e n t i n g  t a x o n o m i c  r e l a t i onsh ips  der iv-  
ed f rom classical  c r i te r ia  1-4. P ro t e in s  w h i c h  show l i t t l e  
in t raspec i f ic  va r i a t ion ,  m i g h t  be  well  su i t ed  for u n c o v e r i n g  
t he  p h y l o g e n y  of closely r e l a t ed  species. W e  h a v e  compar -  
ed t issue-specif ic  p a t t e r n s  of p ro t e in s  in  S o u t h  A m e r i c a n  
Cichl ids  (Teleostei,  Pe rcomorph i )  b y  s t a r c h  gel e lectro-  
phoresis .  A m o n g  va r ious  p ro t e in s  inves t iga ted ,  t h e  iso- 
enzymes  of l a c t a t e  d e h y d r o g e n a s e  ( L D H ;  E.C.1.1.1.27) 
e x h i b i t e d  l i t t l e  in t r agenerg ic  v a r i a t i o n ;  however ,  s t r i k ing  
di f ferences  b e c a m e  a p p a r e n t  b y  c o m p a r i s o n  of L D H  iso- 
e n z y m e  p a t t e r n s  of species f rom d i f fe ren t  genera.  

Mi tochondr i a - f r ee  s u p e r n a t a n t  f r ac t ions  of t i ssue  ho- 
m o g e n a t e s  were  sub jec t ed  to  s t a r c h  gel e lec t rophores is ,  
u s ing  t h e  ve r t i ca l  e lec t rophores is  a p p a r a t u s  f rom Buch le r  
I n s t r u m e n t s  (For t  Lee, N.J . ,  USA) .  12% s t a r c h  gels 
(Connaugh t ,  s t a r ch -hydro lysed )  were p r e p a r e d  in a con- 
t i n u o u s  t r ip le  buf fe r  s y s t e m  ( e t h y l e n e d i a m i n e  t e t r a ace t i c  
acid,  bor ic  acid, trisS), p H  8.6. E lec t rophores i s  was  con-  
d u c t e d  a t  8 V / c m  for 16 h. All  p r e p a r a t i o n s  were  done  a t  
4 ~ L D H  isoenzymes  were v isua l ized  b y  i n c u b a t i o n  of gel 
slices a t  30~ for 30 ra in  in  45 m l  0 . 2 M  tris, p H  8.0, con-  
t a i n i n g  120 m g  NAD,  0.4 m l  L- lacta te  (1M),  1.2 m g  PMS 
a n d  8 m g  Ni t ro -BT,  B l a n k s  c o n t a i n e d  no  l a c t a t e  solut ion.  
Most  an ima l s  which  were used in t h i s  s tudy ,  were b r ed  a t  
t h e  Gese l l schaf t  fiir S t r a h l e n f o r s c h u n g  m b H ,  Munich,  a n d  
o r ig ina t ed  f rom commerc i a l  breeders .  

L D H  exis ts  in  mu l t ip l e  molecu la r  fo rms  in v e r t e b r a t e s  6. 
T h e  L D H  po lypep t i de s  in  t e l eos t ean  f ish are encoded  in a t  
l eas t  3 c o d o m i n a n t  lociT-9, a n d  are  d e s i g n a t e d  A, B a n d  
E v. These  po lypep t i de s  are usua l ly  expressed  t i ssue-spe-  
cif ical ly because  of d i f fe ren t ia l  ac t iv i t i e s  of L D H  genes, 

wh ich  code for  po lypep t ides  A, B and  E. F o u r  po lypep-  
t ides associa te  to  form e n z y m a t i c a l l y  ac t ive  t e t r a m e r i c  
l a c t a t e  dehydrogenases  10. I f  more  t h a n  one p o l y p e p t i d e  
t y p e  is s y n t h e t i z e d  in one  cell, a series of h e t e r o t e t r a m e r i c  
L D H  i soenzymes  m a y  be  fo rmed  b y  r a n d o m  assoc ia t ion  
of d i f fe ren t  po lypep t i de s  10. However ,  t h e  i soenzyme pa t -  
t e rn s  ill t hose  f ish- t i ssues  where  more  t h a n  one L D H  poly-  
pep t ide  is expressed,  o f t en  dev ia t e  f rom t h e  expec t ed  hi- 
n o m i n a l  d i s t r i b u t i o n  of h o m o -  and  h e t e r o t e t r a m e r i c  
LDHs .  Main ly  t he  h o m o p o l y m e r s  are found  8. 

F igure  1 shows a L D H - z y m o g r a m  of 2 species of Cich- 
lasoma : C. citrinellum a n d  C. spilurum. The  t issue-specif ic  
p a t t e r n s  of L D H  isoenzymes  are v i r t u a l l y  iden t i ca l  in  
b o t h  cichlids.  Ske le ta l  musc le  con ta ins  on ly  L D H  A 4, ex- 
t r a c t s  f rom h e a r t -  a n d  l iver  h o m o g e n a t e s  on ly  L D H  B~. 
B r a i n  t i ssues  c o n t a i n  b o t h  A 4 and  B 4 L D H .  Traces  of he-  
t e r o p o l y m e r s  f rom A a n d  B s u b u n i t s  are  obse rved  on  t he  
z y m o g r a m s  of t h i s  t i s sue  a t  pos i t ions  i n t e r m e d i a t e  be- 
tween  t he  i soenzymes  A 4 a n d  B 4. L a c t a t e  d e h y d r o g e n a s e  
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E ,  was only  observed in homogena te s  f rom eyes. These 
ex t rac t s  also con ta ined  i soenzymes  A 4 and  B 4, bu t  only 
t races  of he te ropo lymers  a t  i n t e rmed ia te  posi t ions on the  
zymograms.  Since whole  eyes were used for p repa ra t ion  
of homogenates ,  the  3 i soenzymes which  are observed in 
extracts ,  migh t  well be located  in d i f ferent  types  oI cells. 

Fig. 1. Vertical starch gel electrophoresis of high speed supernatants 
of tissue homogenates from Cichlasoma citrineltum and Cichlasoma 
spiIurum. Specific staining for LDH. The arrow marks the origin. 
Continuous buffer system: EDTA-tris-borie acid, pH 8.6, 8 Vlcm, 
16 h. 

W i t h  respect  to t issue-specific d i s t r ibu t ion  of L D H  iso- 
enzymes,  there  was no difference in 17 species of cichlids 
f rom 7 genera.  However ,  some differences were observed 
in the  e lec t rophore t ic  mobil i t ies  of i soenzymes A4, B 4 and  
lE a . 

"Within the  genus Cichlasoma t he  net  charge of L D H  134 
was ident ical  in all species (Figure 2), as judged  by elec- 
t rophore t i c  mobi l i ty  of this  i soenzyme.  Similarly L D H  E 4 
exhib i ted  ident ical  ne t  charge in all species except  in 
Cichlasoma severum (Figure 2). 3 d i f ferent  pheno types  of 
L D H  A 4, however ,  were observed in this genus. A 4 of 
Cich lasoma/es t i vum was found close to the  origin on gels. 
A~ of Cichlasoma severum and C. nigro[asciatum was found 
in t e rmed ia te  be tween  the  origin and isoenzyme B4 (Fi- 
gure 2). A 4 of the  species Cichlasorna citrineEum, C. [acetum, 
C. meehi and C. sp i lurum was located  more  closely to  
L D H  B 4. 

In  addi t ion  to 7 species of Cichlasoma, we have  invest i-  
ga ted  the  L D H  isoenzyme p a t t e r n s  of cichlids of o ther  
genera, some of which exhib i ted  seriking similari t ies wi th  
t he  genus Cichlasoma in these  b iochemica l  pheno types .  
Thus,  the  net  charges  of L D H s  A4, B 4 and E 4 of Herich- 
thys cyanoguttatus were ident ical  to  those of Cichlasoma 
citrinellum, C. meeki, C. /acetum and  C. sp i lu rum (Figure 
2). Heroti lapia mult ispinosa,  Pterophyllura scalare and 
Symphysodon  aequiJasciata were indis t inguishable  in the i r  
L D H  zymograms  f rom Cichlasoma nigro/asciatum (Figure 
3). Cichlasoma nigro/asciatum was also ident ical  to 3 spe- 
cies of the  genus Aequidens,  excep t  for L D H  B 4 (Figure 
3). Three species of Apis togramma differed f rom all other  
Cichlids in the i r  L D H s  B,  and  E4, b u t  were ident ical  to  
Cichlasoma citrinellum, C. sp i lurum,  C. meeki, C. /acetum 
and  Herichthys cyanoguttatu, s in L D H  A 4 (Figure 3). 

MARICERT and WHITTn po in ted  out  t h a t  the  selection 
pressure  for ma in ta in ing  the  ne t  charge  of an i soenzyme of 
L D H  in an!r par t icu lar  species is ve ry  s t rong.  The simila- 
r i t ies  in i soenzyme pa t t e rns  of L D H s  which are observed 

11 C. L. ~{ARKERT and G. S. ~VFIITT, Experientia 24, 977 (1968). 

Fig. 2. Vertical starch gel electrophoresis of high speed supernatants 
of tissue homogenates from 7 Cichtosoma species and Herichthys 
cyanoguftatus. Conditions as Figure 1. Each slot contained extracts 
of a different animal. 35 [zl of supernatant from eye-homogenate (25 %) 
+ 10 [xl of supernatant from skeletal muscle homogenate (25 %) were 
inserted in each slot in order to compare the homopolymeric LDHs 
A4, B 4 and E 4. A and B were 2 different gels. 
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Fig. 3. Electrophoretic mobility of lactate dehydrogenases A4, B 4 and 
E 4 in ciehlids of different genera: 1. Phenotype of Cichlasoma cirri- 
helium, C. spiIurum, C. meeki, C. ]aceh~m and Herich~hys cyanogut~a~us. 
2. Herotilapia multispinosa, Pterophyllum scalare, Symphysodon aequi- 
]asciata and Cichlasoma nigro/sciatum. 3. Aequidens tetramerus, Ae. 
pulcher and A e. curviceps. 4. A pistograncma pleurotaenia, A p. ortmanni 
and agassizi. 5. Cichlasoma [estivum. 6. Cichlasoma severum. 
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in t he  cichl ids  m i g h t  the re fore  ref lect  the  degree of phy lo-  
genet ic  re la tedness .  Thus  Cichlasoma spilurum, C. /acetum, 
C. meeki a n d  C. citrinellum m i g h t  be  r e l a t ed  and  Herich- 
thys cyanoguttatus m i g h t  be closely al l ied to t h e m .  This  
conclus ion  is conf i rmed  b y  REGAN'S work  12 

Similar ly ,  Herotilapia multispinosa, Symphysodon aqui- 
/asciata a n d  Pterophyllum scalare m i g h t  b y  closely r e l a t ed  
to  Cichlasoma nigro/asciatum. This  is aga in  in good agree- 
m e n t  w i t h  I{EGAN 12. Accord ing  to I~EGAN'S v iew Hero- 
tilapia multispinosa is closely r e l a t ed  to  C. nigro/asciatum, 
which  is de r ived  f rom f a c e t u m - t y p e  cichlids. Pterophyllum 
scalare and  Symphysodon aequi/asciata are how eve r  closely 
al l ied to  C. severum, which  like C. nigro/asciatum, is der iv-  
ed f rom f a c e t u m - t y p e  cichlids. Th i s  agrees w i t h  our  re- 
sults,  if i t  is accep ted  t h a t  t he  d i f fe ren t  ne t  cha rge  of 
L D H  E 4 in C. severum or ig ina tes  f rom a r ecen t  m u t a t i o n  
in th i s  species. 

I t  would  be  p r e m a t u r e  to  d r aw  a n y  f u r t he r  conclus ions  
on  the  p h y l o g e n y  of S o u t h  A m e r i c a n  cichl ids  f rom a com- 
p a r a t i v e  i n v e s t i g a t i o n  of t h r e e  enzymes  only, b u t  i t  is 
s u b s t a n t i a t e d  b y  our  results ,  t h a t  c o n v e n i e n t l y  col lected 
d a t a  on  genet ic  va r i a t ion ,  such  as e lec t rophore t i e  mobi -  
l i t ies of specific p ro te ins ,  m i g h t  be  an  exce l len t  tool  for 
conf i rming  a n d  s u p p l e m e n t i n g  t a x o n o m i c  re l a t ionsh ips  
der ived  f rom classical  cr i ter ia .  

Zusammen/assung. E i n  Vergle ich  der  e l ek t rophore t i -  
schen  Mobi l i t / i t en  der  L a k t a t d e h y d r o g e n a s e n  A 4 (Ske- 
l e t tmuske l ) ,  B 4 (Herz) u n d  E 4 (Ret ina)  zeigt  bei  7 A r t e n  

der  G a t t u n g  Cichlasoma wei tgehende  ~ b e r e i n s t i m m u n -  
gen. 10 A r t e n  ande re r  G a t t u n g e n  s i i damer ikan i sche r  
Cichl iden weisen, ve rg l i chen  m i t  der  G a t t u n g  Cichlasoma, 
z u n e h m e n d e  Dive rgenz  der  Tsoenzymmus te r  auf. Es  wi rd  
v e r m u t e t ,  dass  sich h ie r in  die phy logene t i s che  V e r w a n d t -  
scha f t  de r  G a t t u n g e n  widerspiegel t .  Die auf  G r u n d  de r  
~ b e r e i n s t i m m u n g e n  in L D H - I s o e n z y m m u s t e r n  e rmi t t e l -  
t en  p h y l o g e n e t i s c h e n  Z u s a m m e n h / i n g e  decken  sich weit-  
gehend  m i t  den  Bez iehungen ,  die d u r c h  verg le ichend-  
morpho log i sche  U n t e r s u c h u n g e n  aufgezeig t  wurden .  Das  
m e t h o d i s c h e  Vorgehen  sche in t  geeignet ,  t a x o n o m i s c h e  
B e z i e h u n g e n  zu ergAnzen, die d u r c h  k lass ische  Kr i t e r i en  
da rge leg t  w u r d e n  13 
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P R O  E X P E R I M E N T I S  

Eine  M e t h o d e  z u r  G e w i n n u n g  von A m e i s e n - S p u r p h e r o m o n e n  

Viele A m e i s e n a r t e n  k e n n z e i c h n e n  ih r en  F u t t e r w e g  d u r c h  
die Aussche idung  von  Geruchss tof fen ,  die als Spurphe ro -  
mone  beze i chne t  werden  l-s. Das  S p u r p h e r o m o n  yon  
Lasius fuliginosus war  G e g e n s t a n d  e ingehende r  U n t e r s u -  
c h u n g e n  yon  HANGARTNER und  BERNSTEIN 7 sowie yon  
HA•GARTNER 8, die u n t e r  a n d e r e m  ergaben,  dass  sich die 
S u b s t a n z  in der  R e k t a l a m p u l l e  s a m m e l t  u n d  d u r c h  die 
A n a l 6 f f n u n g  ausgesch ieden  wird.  

Das  P r o b l e m  der  I so l ie rung  dieses Na tu r s to f f s  l~sst  sich, 
je n a c h  der  W a h l  des Ausgangsmate r i a l s ,  auf  v ie r  ver-  
sch iedene  \ u  angehen .  Das  A u s g a n g s m a t e r i a l  k a n n  
s e i n  a) ein A m e i s e n g e s a m t e x t r a k t ,  b) ein A b d o m i n a l e x -  

N 

A 

[] 
Fig. 1. N, Nestraum; A, Arena; E, Eluierkammer; F, Futterkfistchen; 
S, Silicongummisehl~uche. 

t r ak t ,  c) de r  I n h a l t  der  aus  den  Ameisen  he rauspr i ipa r i e r -  
t en  R e k t a l a m p u l l e n ,  d) die G e s a m t h e i t  der  v o n  den  Amei-  
sen auf  d e m  F u t t e r w e g  ausgesch iedenen  Stoffe. I n  fol- 
genden  wi rd  eine Anlage  beschr ieben ,  welche  e r laub t ,  die 
yon  den  Ameisen  e iner  L a b o r a t o r i u m s k o l o n i e  auf  d e m  
F u t t e r w e g  ausgesch iedenen  Stoffe l au fend  u n d  ohne  St6- 
r u n g  der  Tiere zu s ammeln .  

Die  Anlage  b e s t e h t  aus  e inem K u n s t n e s t  u n d  einer  Rei-  
he yon  Fu t t e rk i i s t chen ,  Non denen  jedes t iber  eine Vor-  
r i c h t u n g  zu er re ichen  ist, die als E l u i e r k a m m e r  beze i chne t  
werden  soll. F igu r  1 zeigt  s chema t i s ch  eine m6gl iche  An-  
o r d n u n g  dieser  Baue l emen te .  Das  K u n s t n e s t  i s t  in e inem 
PVC-Beh / i l t e r  (70 •  • 15 era) u n t e r g e b r a c h t ,  dessen 
B o d e n  m i t  e iner  5 m m  h o h e n  Gipssch ich t  be leg t  ist. Die 
R/ inder  s ind m i t  Paraff in61 e inges t r ichen,  u m  die Amei sen  
a m  E n t w e i c h e n  zu h indern .  E ine  Sche idewand  u n t e r t e i l t  
den  Beh~Llter in den  N e s t r a u m  N u n d  die A r e n a  A. Nes t  
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